Primer extension is one of the most common methods used to measure the amount and size of RNAs. We demonstrate that the sensitivity and the specificity of this method are improved considerably by using a highly-labeled single-stranded DNA generated from a biotinylated single-stranded DNA template, as a long specific primer in the reverse transcription reaction. This new approach allows the detection of transcripts with a low expression level from microgram quantities of total RNA.
Primer extension is used to map and quantify the 5′ end of RNAs. Generally, an end-labeled synthetic oligonucleotide, 30-40 nt in length, is hybridized to RNA and then extended using reverse transcriptase to produce single-stranded cDNA (1) . However, the classical technique has some disadvantages. The low specific activity of the end-labeled primer requires the use of the poly-A RNA fraction to detect low abundance transcripts. Also the short length of the primer requires the use of relatively low stringency hybridization conditions (30_C, 80% formamide) which in turn may give rise to nonspecific extension products. Here we describe a rapid and efficient primer extension method which can overcome these problems. The method involves the use of a long, highly-labeled single-stranded DNA prepared by magnetic separation technology as a specific primer for the reverse transcriptase. The new technique is demonstrated by the detection of the transcription start site of a weakly expressed gene, the human estrogen receptor gene (hER) (2), using microgram quantities of total RNA.
A 500 bp fragment of the 5′ end of the hER cDNA was amplified by PCR using 1 ng of a vector containing the hER cDNA and two specific primers of which the 5′ one was biotinylated (Fig. 1A) . The biotinylated PCR product was bound to 4 µl of magnetic streptavidin beads (Dynal) as recommended by the manufacturer and the non-biotinylated strand was then removed by elution with 0.1 N NaOH. After washing three times with H 2 O, the remaining strand was incubated with a specific nested primer (20 ng) in 13 µl of annealing buffer (0.14 M Tris-HCl, pH 7.6, 14 mM MgCl 2 , 23 mM DTT, 22% DMSO) at 37_C for 20 min and then at room temperature for 10 min. The primer thus annealed was extended with 4 U of T7 DNA polymerase in the presence of 3 µl of 1.375 µM each dATP, dGTP and dTTP, 333.5 mM NaCl and 2 µl [α-32 P]dCTP (3000 ci/mmol) at room temperature for 15 min. The extension was completed by adding 10 µl of 840 µM each dATP, dGTP and dTTP, 93.5 µM dCTP, 40 mM Tris-HCl (pH 7.6), 50 mM NaCl and incubated at 37_C for 5 min. The beads were washed twice with TE and the synthesized strand eluted in 20 µl of 0.1 N NaOH at room temperature for 10 min and then neutralized with HCl. The synthesized single-stranded DNA was fully complementary to a 358 base stretch in the 5′ region of the hER transcript and hence served as a primer (Fig. 1A) .
50 000 c.p.m. of the labeled single-stranded DNA were co-precipitated with 20 µg of total RNA from MCF7 (a human ER positive cell line) or yeast (negative control) and then dissolved in 30 µl of hybridization buffer (80% formamide, 40 mM PIPES, pH 6.4, 400 mM NaCl, 1 mM EDTA, pH 8). The mix was incubated at 70_C for 10 min and hybridized overnight at 55_C. After an ethanol precipitation of RNA/DNA hybrids, the RNA was reverse-transcribed at 42_C by use of 50 U expand TM reverse transcriptase (Boehringer Mannheim) as recommended by the manufacturer. The resulting labeled cDNA was then extracted, denatured, and electrophoresed through a denaturing polyacrylamide-urea gel as previously described (1) .
This protocol yielded a specific extension product (Fig. 1B) . The transcription start site for the hER gene calculated from the size of this product agrees completely with previous results obtained by the classical S1 nuclease mapping and primer extension methods (2) . Moreover, due to its high sensitivity, this new technique allowed a considerable reduction in the time of autoradiography to a few hours.
Finally, in order to check the specificity of this method, we prepared a labeled single-stranded DNA primer which was specific for the human ER mRNA but which has 72% homology with the corresponding region of the chicken ER mRNA, although there is 100% homology in the last 20 nt at its 3′ end. No extension product was observed after performing primer extension with total RNA from chicken oviduct (an ER expressing tissue) whereas in the same experiment, this same single-stranded DNA primer and one fully complementary for the chicken ER mRNA were specifically extended, as expected, from MCF7 and chicken oviduct total RNA respectively (Fig. 2) (2,3) . This result shows that even with a high, but not total, homology between the primer *To whom correspondence should be addressed. Tel: +49 6221 387 160; Fax: +49 6221 387 306; Email: flouriot@embl-heidelberg.de and the mRNA, the mRNA cannot be reverse transcribed in these experimental conditions, which confirms the highly specific aspect of this new primer extension technique.
